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Method For Integrating Low-K materials in Semiconductor Fabrication 

Background of Invention 

1) Field of the Invention 

This invention relates generally to fabrication of a semiconductor device and more 
particularly to a method for forming a low-k dielectric layers with improved thermal 
stability and structural strength by forming pillars, comprising material with good thermal 
stability and structural strength within the low-K dielectric layer. 

2) Description of the Prior Art 

Integrated circuits continue to increase in complexity each year. As applications 
develop for memories, microprocessors, and minicomputers there is an increasing demand 
for greater microminiaturization. The shrinking design rule for ULSI circuits has led to 
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increased interconnection delay caused by parasitic capacitance of interconnection wiring. 
One way to reduce the interconnection delay is to reduce the dielectric constant of the 
dielectric layer between the device layer and the interconnect layer, or the interlayer 
dielectric (ILD). A great deal of work has been aimed at developing organic polymers for 
use as interlayer dielectrics because their dielectric constants (K) are generally lower than 
those of inorganic materials. However, poor chemical stability, thermal stability and 
structural (mechanical) strength have hindered the widespread use of organic polymers as 
interlayer dielectrics in microelectronic fabrication. 

The importance of overcoming the various deficiencies noted above is evidenced 
by the extensive technological development directed to the subject, as documented by the 
relevant patent and technical literature. The closest and apparently more relevant technical 
developments in the patent literature can be gleaned by considering the following patents. 

U.S. 5,602,423 (Jain) shows damascene conductors with embedded pillars to 
prevent erosion during chemical-mechanical polishing. 

U.S. 5,827,776 (Bandyopadhyay et aJ.) shows a multilevel interconnect structure 
using staggered interconnects to reduce electric field coupling between interconnect lines. 
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U.S. 5,1 10,712 (Kessler et al.) shows a metal interconnect in a polymer, low-K 
dielectric layer. 

U.S. 5,744,394 (Iguchi et al.) shows a dual damascene process for forming 
interconnections. 

However, none of these patents disclose or suggest combining a polymer, low-K 
dielectric layer with pillars comprising material with superior thermal stability and 
structural strength to overcome the processing limitations associated with using polymer, 
low-K dielectric layers. 

Summary of the Invention 

It is an object of the present invention to provide a method for forming an organic, 
low-K dielectric layer having improved thermal stability. 

It is another object of the present invention to provide a method for forming an 
organic, low-K dielectric layer having improved structural strength. 

It is another object of the present invention to provide a method for forming an 
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organic, low-K dielectric layer having improved bondability of spin coating back-end 
materials. 

It is another object of the present invention to provide a method for forming an 
organic low-K dielectric layer with improved thermal stability, structural strength, and spin 
coating back-end material bondability by embedding pillars in the organic, low-K dielectric 
layer comprising a material with good thermal stability, structural strength, and 
bondability. 

It is yet another object of the present invention to provide a producible and 
economical method for forming an organic, low-K dielectric layer in a semiconductor 
fabrication process. 

To accomplish the above objectives, the present invention provides a method for 
integrating low-K materials in semiconductor fabrication. The process begins by 
providing a semiconductor structure having a dielectric layer thereover, wherein the 
dielectric layer comprising an organic low-K material. The dielectric layer is patterned to 
form pillar openings. A pillar layer is deposited over the semiconductor structure; thereby 
filling the pillar openings with the pillar layer. The pillar layer is planarized to form pillars 
embedded in said dielectric layer. The pillar layer comprises a material having good 
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thermal stability, good structural strength, and good bondability of spin coating back-end 
materials, improving the manufacturability of organic, low-K dielectrics in semiconductor 
fabrication. In one embodiment, the pillars are formed prior to forming dual damascene 
interlayer contacts. In another embodiment, pillars are formed simultaneously with 
interlayer contacts. 

The present invention provides considerable improvement over the prior art. 
Embedded pillars provide the thermal stability and structural strength necessary to make 
the use of organic, low-K dielectric layers practical, without reducing the dielectric 
properties of the organic, low-K dielectric layer. Also, the embedded pillars can provide 
good bondability of spin coating back-end materials. 

The present invention achieves these benefits in the context of known process . 
technology. However, a further understanding of the nature and advanta3es of the present 
invention may be realized by reference to the latter portions of the specification and 
attached drawings. 

Brief Description of the Drawings 

The features and advantages of a semiconductor device according to the present 
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invention and further details of a process of fabricating such a semiconductor device in 
accordance with the present invention will be more clearly understood from the following 
description taken in conjunction with the accompanying drawings in which like reference 
numerals designate similar or corresponding elements, regions and portions and in which: 

Figure 1 shows a top view of a semiconductor device having an embedded pillar 
matrix formed within an organic, low-K dielectric layer according to a first embodiment of 
the present invention. 

Figs. 2 through 6 show sequential sectional views of a process for forming an 
organic, low-K dielectric layer with embedded pillars according to a first embodiment of 
the present invention. The cross-section for Figs. 2 through 6 is taken generally along axis 
2-2' shown on Fig. 1 . 

Fig. 7 shows a top view of a semiconductor device having an embedded pillar 
matrix formed within an organic, low-K dielectric layer according to a second embodiment 
of the present invention. 

Figs. 8 through 10 show sequential sectional views of a process for forming an 
organic, low-K dielectric layer with embedded pillars according to a second embodiment 
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of the present invention. The cross-section for Figs. 8 through 10 is taken generally along 
axis 8-8' shown on Fig. 7. 

Detailed Description of the Invention 

The present invention will be described in detail with reference to the 
accompanying drawings. The present invention provides a method for forming 
an organic, low-K dielectric layer having improved thermal stability and structural strength 
by embedding pillars in the organic, low-K dielectric layer, comprising a material having 
good thermal stability and structural strength. 

first embodiment 

In a first embodiment of the present invention, as shown in Figs. 1 through 6, 
pillars are formed in an organic, low-K dielectric layer prior to using a dual damascene 
process to form interconnects. As shown in Fig. 1, pillars (30) are embedded in an 
organic, low-K dielectric layer (20) between damascene contact structures (50A,40A). 
The damascene contact structures comprise a planarized contact (50A) and planarized 
underlying barrier layer. 
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Referring to Fig. 2, the first embodiment of the present invention begins by 
providing a semiconductor structure (11) having a dielectric layer (20) thereover, wherein 
the dielectric layer comprises an organic, low-K dielelctric material. Semiconductor 
structure (1 1) is understood to possibly include a substrate comprising a semiconducting 
material such as monocrystalline silicon or germanium or a silicon on insulator (SOI) 
structure as is known in the art. Semiconductor structure (1 1) is understood to possibly 
further include conductive layers and/or insulating layers formed over a substrate or the 
like, and passive and or active devices formed over and/or in the substrate or the like. The 
low-K dielectric layer (20) can comprise any of a number of advanced low-K materials 
including, but not limited to: aerogel, xerogel, nanoglass, Flare, amorphous CF X , or Silk, 
JSR, Coral, and Black Diamond. 

Still referring to Fig. 2, the low-K dielectric layer (20) is patterned to form pillar 
openings (25). The pillar openings can be formed using a lithography process and etch as 
is known in the art. The pillar openings (25) are preferably formed in a matrix pattern 
surrounding, but not over active areas of the semiconductor structure (11). 

Referring to Fig. 3, a pillar layer is deposited over the semiconductor structure 
(1 1), filling the pillar openings (25). The pillar layer comprises a material having good 
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thermal stability, good structural strength, and good bondability of spin coating back-end 
materials. Materials suitable for the pillar layer include, but are not limited to: silicon 
nitride, silicon carbide, carbon, amorphous carbon, tungsten, copper, and aluminum. The 
pillar layer can be deposited by various processes appropriate for the material chosen and 
known in the art, such as: chemical vapor deposition, sputtering, electroplating and most 
preferably C VD. 

Still referring to Fig. 3, the pillar layer is planarized to form pillars (30), stopping 
on the low-K dielectric layer (20). The pillar layer is preferably planarized using a 
chemical-mechanical polishing process. 

Referring to Fig. 4, the low-K dielectric layer (20) is patterned to form via 
openings (27). The via openings can be formed using a lithography process and etch as. is 
known in the art. The via openings (27) are preferably formed over active areas of the 
semiconductor structure (1 1) to provide interconnections to interconnection layers. 

Referring to Fig. 5, the low-K dielectric layer (20) is patterned to form trench 
openings (29). The trench openings can be formed using a lithography process and etch as 
is known in the art. The trench openings (29). are formed over the via openings (27) such 
that they form interconnection patterns, connecting various via openings. 
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Still referring to Fig. 5, a barrier layer (40) is formed over the semiconductor 
structure (11) lining the bottoms and sidewalls of the via openings (27) and trench 
openings (29). The barrier layer preferably comprises tantalum nitride deposited using a 
sputtering process. 

Referring to Fig. 6, an interconnect layer (50) is formed on the barrier layer (40). 
The interconnect layer preferably comprises copper deposited using a process such as 
electroplating, PVD, or CVD. The interconnect layer (50) and the barrier layer (40) are 
planarized, stopping on the low-K dielectric layer (20) to form an interconnect (50 A) with 
an underlying planaraized barrier layer (40 A). The interconnect layer and the barrier layer 
are preferably planarized using a chemical-mechanical polishing process. The interconnect 
(5 OA) can be a dual damascene interconnect or can be a combination of an interconnect 
and a conductive line. Alternatively, the interconnect (50A) can be formed between two 
conductive lines (e.g. metal lines) or between the semiconductor structure (1 1) and an 
overlying conductive line (e.g. poly-1 and metal-1). 

second embodiment 

In a second embodiment of the present invention, as shown in Figs. 7 through 1 1, 
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pillars are formed in an organic, low-K dielectric layer simultaneously with formation of 
interlayer contacts for an interconnect layer. Referring to Fig. 7, pillars (30) are embedded 
in an organic, low-K dielectric layer (20) in a matrix pattern, surrounding an interconnect 
pattern (52) which overlies an active area of a semiconductor structure under the low-K 
dielectric layer. 

Referring to Fig. 8, the second embodiment of the present invention begins by 
providing a semiconductor structure (11) having a conductive structure (14) thereover. 
Semiconductor structure (1 1) is understood to possibly include a substrate comprising a 
semiconducting material such as monocrystalline silicon or germanium or a silicon on 
insulator (SOI) structure as is known in the art. Semiconductor structure (1 1) is 
understood to possibly further include conductive layers and/or insulating layers formed 
over a substrate or the like, and passive and or active devices formed over and/or in the 
substrate or the like. The conductive structure (14) can be any of several conductive 
structures known in the art, such as a gate, conductive line (e.g. metal line), a word line, 
or a bit line. The conductive structure (14) can be formed on the substrate, or on an ILD 
layer or an IMD layer overlying the substrate. 

Still referring to Fig. 8, the semiconductor structure (1 1) and the conductive 
structure (14) have a dielectric layer (20) thereover, wherein the dielectric layer comprises 
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an organic, low-K dielectric material. The low-K dielectric layer (20) can comprise any of 
a number of advanced low-K materials including, but not limited to: aerogel, xerogel, 
nanoglass, Flare, and amorphous CF X . ■ 

Referring to Fig. 9, the low-K dielectric layer (20) is patterned to form pillar 
openings (25) and via openings (27). The pillar openings and via openings can be formed 
using a lithography process and etch as is known in the art. The pillar openings (25) are 
preferably formed in a matrix pattern surrounding, but not over the conductive structures 
on the semiconductor structure (1 1). The via openings (27) are formed over the 
conductive structure (14). 

Referring to Fig. 10, a pillar and contact layer is deposited over the semiconductor 
structure (11), filling the pillar openings (25) and the via openings (27). The pillar and 
contact layer comprises a conductive material having good thermal stability, good 
structural strength, and good bondability of spin coating back-end materials. Materials 
suitable for the pillar and contact layer include, but are not limited to: tungsten, copper, 
and aluminum. The pillar and contact layer can be deposited by various processes 
appropriate for the material chosen and known in the art, such as: chemical vapor 
deposition, sputtering, electroplating and most preferably CVD. 
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Still referring to Fig. 10, the pillar and contact layer is planarized to form pillars 
(30) in the pillar openings and contacts (e.g. via plugs) (51) in the contact openings, 
stopping on the low-K dielectric layer (20). The pillar and contact layer is preferably 
planarized using a chemical-mechanical polishing process. 

Still referring to Fig. 10, a interconnect pattern (52) is formed over the contacts 
(e.g. via plugs) (51), by depositing a conductive layer, then patterning the conductive layer 
to form an interconnect pattern. The conductive layer can be pattern using a lithography 
and etch process as is known in the art. The conductive layer preferably comprises a 
metal material suitable for semiconductor interconnects, such as copper or aluminum. 

A key advantage of the present invention is that the embedded pillars provide the 
thermal stability and structural strength necessary to make the use of organic, low-K 
dielectric layers practical, without reducing the dielectric properties of the organic, low-K 
dielectric layer. Also, the embedded pillars can provide good bondability of spin coating 
back-end materials. 

What is claimed is: 
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